Study on Mechanical Property of the Shell and the Unpacking Initial Velocity of Display Shells  by Peiyu, Yan et al.
 Procedia Engineering  84 ( 2014 )  834 – 839 
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of scientific committee of Beijing Institute of Technology
doi: 10.1016/j.proeng.2014.10.503 
ScienceDirect
Available online at www.sciencedirect.com
“2014 ISSST”, 2014 International Symposium on Safety Science and Technology 
Study on mechanical property of the shell and the unpacking initial 
velocity of display shells 
YAN Peiyu*, CONG Xiaomin, DU Zhiming 
State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China 
Abstract 
Using Elastic properties of solid materials tester to test the elastic properties of the shell of display shells, obtain that Young's 
modulus is 2.16GPa, Shear modulus is 0.87GPa and Poisson’s ratio is 0.241GPa. Using Instron 5985 Material testing machine to 
test the tensile mechanical characteristics of the shell, obtain that the tensile yield strength is 14.72MPa and breaking strength of 
the shell is 11.20MPa. For the first time taking pressure expansion leading to shell burst as foundation, the model of display 
shells is established. The numerical simulation results show that when the unpacking gunpowder is black gunpowder, the 
unpacking initial velocity is 104.6m/s–114.8m/s. Comparing with the experiment result 112m/s, maximum error is only 7.4m/s, 
meeting the requirement of precision. When the unpacking gunpowder is black gunpowder the unpacking initial velocity is 
303.7m/s–331.2m/s. The unpacking initial velocity can be changed by changing the ratio of charge. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
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1.  Introduction 
The study on the unpacking of display shells is the basic of display shells design[1,2]. With the method of copper 
cylinder compression process, the pressure of unpacking shell was measured by Zhao Jiayu[3]. The detonation 
pressure of display shells was tested by Chang Yan with fireworks pressure test system[4]. The pressure distribution 
of display shells was verified by Kou Zhihui with TNT equivalence method[5]. The effect of display shells is 
influenced by unpacking initial velocity. However, there is no clear theory to guide the charge of display shells with 
the lack of study on unpacking initial velocity. The design of display shells mainly depend on experience. So it is 
necessary to study on unpacking initial velocity of display shells. 
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2.  Physical model of display shells 
There are many types of display shells, and a typical display shell is shown in Fig. 1. A lot of high temperature 
gas is produced by the unpacking gunpowder lighting, which result in rapid increase of the internal pressure of 
display shells. The moment the shell unpack the broken shells and the effectors are bearing the same pressure and 
velocity, and the effectors have no change at that time. So the influence of the effectors can be ignored. The pressure 
are assumed to effect on shell directly. The process of unpacking the shell can be simplified to the rapid expanding 
inner gas leading to the broken of shell, and the model of display shells is shown in Fig. 2. 
 
  
Fig. 1. Physical Model of display shells.                                                                   Fig. 2. Simplified Model of display shells. 
3.  Study on mechanical property of the shell 
The major function of the shell of display shells is fixing effectors and loading black powder. The thickness and 
the strength of the shell have direct influence on the unpacking initial velocity. Thus, mechanical property of the 
shell should be studied to establishing the model of display shells. The shell of display shells is composed of kraft 
paper and strawboard. The main effect of strawboard is fixing effector which in the inside of the display shell.  
3.1.  Preparation of the shell 
The kraft paper provide the required strength of shell. In order to ensure the accuracy of the results, all the 
materials in the experiment should be as close as possible to the actual shell of display shells. Ordinary strawboard 
and kraft paper whose specification is 100g/m2 was used as materials and the PVA was took as adhesive to bond 6 
layers kraft paper and 3 layers strawboard under pressure and fully dry.  
3.2.  Test of modulus and Poisson’s ratio 
By using the Elastic properties of solid materials tester, the elastic properties of shell was tested, including 
Young's modulus, Shear modulus and Poisson’s ratio. Nondestructive testing of Young's modulus E and shear 
modulus G are done by Elastic properties of solid materials tester based on the resonance principle. Then the 
Poisson’s ratio can be calculated from E and G. The date are listed in Table 1. 
3.3. Test of tensile mechanical characteristics 
By using the Instron 5985 Material testing machine, the tensile mechanical characteristics of shell was tested. 
The strain rate is 0.001/s and the dependent variable can be read directly from the non-contact optical amplify meter. 
The tensile yield strength and breaking strength of shell are listed in Table 2 and Fig. 3 is the stress-strain curve. 
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          Table 1. The results of elastic properties of shell. 
Test No. Young's modulus  E(GPa) 




1 2.19 0.89 0.237 
2 2.14 0.85 0.263 
3 2.13 0.89 0.196 
4 2.17 0.86 0.269 
Average 2.16 0.87 0.241 
                             Table 2. The results of the tensile mechanical characteristics of shell. 
Test No. Tensile yield strength  (Rm)/MPa 
Breaking strength  
(Rp0.2)/MPa 
1 16.29 11.80 
2 14.11 10.58 
3 14.23 11.15 
4 14.24 11.27 
Average 14.72 11.20 
 
 
Fig. 3. The stress-strain curve. 
4. Numerical simulation of the unpacking initial velocity of display shells 
The numerical simulation of the unpacking initial velocity of display shells is done by using the software called 
Autodyn[6]. 
4.1. Calculation model 
In the process of numerical simulation, the computed region of air is chosen as 2m*2m, and the display shell is in 
the middle of the numerical simulation. The radius of the display shell is 80mm, while the thickness of the shell is 
10mm. In order to improve the computational efficiency, two-dimensional axisymmetrical coordinate and 1/2 plane 
model are established based on the same symmetric axis of the numerical simulation and the object. Corresponding 
constraints is add to the boundary as Fig. 4. The algorithm of air is Euler-2D Multi-material and the shell is 
Lagrange[7]. The grids of air are rectangles and the shell are quadrangles. Coupling solving method between Euler 
grids and Lagrange grids is fluid-structure interaction[8]. The grids built are shown in Fig. 5. 
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                                          Fig. 4. Numerical model.                                                                      Fig. 5. The grid of initial time. 
The materials involving in this model are air and shell of display shells. Material parameters of the shell are listed 
in chapter 3. The state equation of the shell is linear equation and the intensity model is von-Mesis. The state 
equation of air is ideal gas equation, the density is 1.225kg/m3, and the polytropic exponent is 1.4.  
According to the experimental results of Zhao Jiayu, different unpacking gunpowder lead to different unpacking 
pressure, and the results are shown in Table 3. 
          Table 3. The unpacking pressure of each unpacking gunpowder. 
 The type of unpacking gunpowder Pressure  (kg/cm2) 
Black powder with rice husk medicine 17 
Potassium perchlorate with rice husk medicine 63 
4.2. The numerical calculation results and analysis  
Three points are selected in the different positions of fireworks shell as the calculation points shown in Fig. 6 
 
 
Fig. 6. Distribution of the calculation points. 
When the unpacking gunpowder is black gunpowder, the results are shown in Fig. 7. 
Where, the unpacking initial velocity of point 1 is 107.6m/s, point 2 is 105.1m/s, point 3 is 108.5m/s. 
When the unpacking gunpowder is potassium perchlorate, the results are shown in Fig. 8. 
Where, the unpacking initial velocity of point 1 is 317.6m/s, point 2 is 325.6m/s, point 3 is 303.7m/s. 
When the unpacking pressure become bigger the unpacking initial velocity increase while the time to unpack the 
shell decrease. Duo to random broken of the shell, the same shell may have different velocities. This is because each 
piece of the broken shell has its own energy. By selecting many points, and simulating many times, we can conclude 
the unpacking initial velocity is 104.6m/s–114.8m/s when the unpacking gunpowder is black gunpowder. When the 
unpacking gunpowder is black gunpowder he unpacking initial velocity is 303.7m/s–331.2m/s. At early stage, the 
velocity has obvious oscillation. This is because the shell is in a process known as elastic deformation. Elastic 
deformation results in elasticity, who will block the deformation of the shell. As the pressure produced by potassium 
perchlorate is higher than black gunpowder, the elasticity of the shell has a greater influence on the velocity when 
the unpacking gunpowder is black power. 
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Fig. 7. The speed-time curve (black gunpowder). 
 
Fig. 8. The speed-time curve (potassium perchlorate). 
5. Conclusions 
(1) Using Elastic properties of solid materials tester to test the elastic properties of the shell of display shells, 
obtain that Young's modulus is 2.16GPa, Shear modulus is 0.87GPa and Poisson’s ratio is 0.241GPa. Using Instron 
5985 Material testing machine to test the tensile mechanical characteristics of shell, obtain that the tensile yield 
strength is 14.72MPa and breaking strength of shell is 11.20MPa. 
(2) For the first taking pressure expansion leading to shell burst as foundation, the model of display shells is 
established.By selecting many points, and simulating many times, we can conclude that when the unpacking 
gunpowder is black gunpowder, the unpacking initial velocity is 104.6m/s–114.8m/s. Comparing with the 
experiment result 112m/s, maximum error is only 7.4m/s, meeting the requirement of precision. When the 
unpacking gunpowder is black gunpowder he unpacking initial velocity is 303.7m/s–331.2m/s. 
(3) The unpacking initial velocity is influenced by the unpacking pressure, so as to the type of the unpacking 
gunpowder. As a result, the unpacking initial velocity can be changed by changing the ratio of charge. It prove 
theoretical basis for design display shells. 
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